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Thermogravimetric analysisAbstract A series of some new quinazolinone based MCT reactive dyes (7a–j) were successfully
and easily synthesized by the coupling route of diazotized 3-{4-[4-amino-2, 6-diﬂuorobenzyl]-3,5-
diﬂuorophenyl}-6-nitro-2-phenylquinazolin-4(3H)-one (4) with a diverse range of o-chloro-p-nitro
anilino cyanurated coupling components (6a–j). The structures of all dyes were conﬁrmed by
UV–Vis, IR, 1H and 13C NMR spectroscopies. All the newly synthesized dyes were tested for their
in vitro antimicrobial screening (antibacterial and antifungal) against several bacteria and fungi.
Some of the compounds showed signiﬁcant antibacterial as well as antifungal activities. Further-
more colorimetric study (L*, a*, b*, C*, H*, K/S), Fastness properties and thermogravimetric anal-
ysis (TGA) data were also discussed.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Reactive dyes have become the largest group of synthetic dyes
some on monetary and bulk basis, due to their unique ability
to undergo stable covalent bond formation with natural and
polyamide ﬁbres (Venkataraman, 1972). Mauveine is the ﬁrst
synthetic dye which was discovered by W.H. Perkin possesses
a heterocyclic ring. Reactive dyes which are derived from build-ing block monoazo or bisazo moiety having one or more hetero
atom and a free amino group are of technological importance
because of their brilliant shades, high degree of brightness,
remarkable tinctorial strength, excellent leveling properties,
use in high tech applications, superior antimicrobial activity
due to the heterocyclic ring system, good sublimation and wash
fastness properties due to the covalent bond formation with dif-
ferent ﬁbres (Zollinger, 1987; Achari et al., 1997; Awad et al.,
1992; Weaver and Shuttleworth, 1982; Stead, 1967; Grifﬁths,
1981; Waring and Hallas, 1990; Sokolowska et al., 2007; Karci
and Ertan, 2005; Yen and Wang, 2004).
The quinazoline ring is present in a number of alkaloids
(Naik and Desai, 1990) which possess remarkable pharmaco-
logical activities against different bacteria and fungi and also
plays a vital role in the synthesis of some useful coloured prod-
uct, which gives a variety of shades on different ﬁbres (Fadda
et al., 1995; Modi et al., 1995; Bhatti and Seshadri, 2004; Patel
et al., 2002; Abdel-Megeed et al., 2007). Many patents have
proved the utilization of the quinazoline molecule in the
348 D.R. Patel, K.C. Patelsynthesis of some signiﬁcant dyes (Schefczik, 1976; Rolf et al.,
1980; Ayyangar et al., 1982).
We have previously synthesized some new chloro, iodo and
sulfo substituted quinazolinone basedMCT reactive dyes (Patel
andPatel, 2010, 2011a, 2011b, 2011c), we now synthesize a series
of some new nitro quinazolinone basedMCT reactive dyes. The
spectral properties, antimicrobial screening, colorimetric data,
fastness properties and thermogravimetric analysis (TGA) data
reported agree well and conﬁrm our ﬁndings.
2. Materials and methods
2.1. General
Melting points of synthesized compounds were determined by
the open capillary method and are uncorrected. IR spectra
were recorded on a Perkin-Elmer Model 377 system using
the potassium bromide wafer technique. 1H and 13C NMR
spectra were determined on Bruker Avance II spectrophotom-
eter using TMS as the internal standard and DMSO as solvent.
UV–Vis absorption spectra were recorded on a Thermo Scien-
tiﬁc Evolution 300 spectrophotometer. Elemental analyses
were carried out using C, H and N elemental analyzer, Carlo
Erba, Italy. Rf values (Fried and Sherma, 1982) of all the dyes
were determined by using silica gel G F254 TLC plate by using
2-BuOH:EtOH:NH4OH:Pyridine (4:1:3:2 v/v) solvent system.
The dyeing was done by using Laboratory Rota Dyer dye-
ing machine on silk, wool and cotton ﬁbres. Colorimetric data
(L*, a*, b*, C*, H* and K/S) were recorded on Gretag Macbeth
CE: 7000 Reﬂectance Spectrophotometer. In vitro antimicro-
bial screening (antibacterial and antifungal) was performed
using broth dilution method (Rattan, 2005). Thermogravimet-
ric analysis (TGA) was performed on Pyris 6 TGA instrument
with 30–900 C temperature. pH measurement was done by
using Equiptronics EQ-614 A digital pH metre. The light fast-
ness was assessed in accordance with BS: 1006-1978 (Standard
test method, 1978). The rubbing fastness test was carried out
with a Crock metre (Atlas) in accordance with the AATCC-
1961 (AATCC test method, 1961) and the wash fastness test
in accordance with IS: 765-1979 (Indian standard ISO,
1979). All coupling components and cyanuric chloride were re-
ceived from Atul Ltd., Atul, Valsad.
2.2. Synthesis of 4,40-methylene bis(3,5-diﬂuoro aniline) (Patel
et al., 2010) (1)
3,5-Diﬂuoro aniline (12.9 g, 0.1 mol) was dissolved in water
(125 mL) followed by the addition of 36.5% hydrochloric acid
(25 mL) at 50 C. Then the reaction mixture maintains at 60 C
with the addition of 3% aqueous formaldehyde (35 mL) and
this mixture was neutralized with 10% sodium hydroxide solu-
tion. The orange precipitates (1) obtained were ﬁltered, washed
with hot water, dried and recrystallized from acetic acid. YieldNH2
FF
+
(2) 10% NaOH
(1) HCl2 O
H
H
Scheme 1 Synthesis of75.2% (10.15 g), mp 140–142 C; Rf = 0.73 (PhMe:EtOAc, 3:1
v/v); IR (mmax, cm
1): 3435, 3355 (N–H), 2956 (C–H), 1642 (N-
H bend.), 1051 (C–F); 1H NMR (400 MHz, DMSO-d6) dH
ppm: 2.72 (2H, s, CH2), 6.32 (4H, s, NH2), 6.22–6.28 (4H,
m, Ar–H); 13C NMR (100 MHz, DMSO-d6) dC ppm: 36.30,
36.48, 36.55 (CH2), 109.52, 121.52, 130.64, 145.58, 162.60
(Ar); Anal. Calcd. for C13H10N2F4 (270.23): C, 57.78; H,
3.73; N, 10.37%. Found: C, 57.55; H, 3.54; N, 10.12%.
(Scheme 1).
2.3. Synthesis of 6-nitro-2-phenyl-4H-benzo[1,3]oxazine-4-
one (2)
To a solution of 5-nitro anthranilic acid (1.82 g, 0.01 mol) in
pyridine (60 mL), Benzoyl chloride (1.16 mL, 0.01 mol) was
added drop wise at 0–5 C for 1 h. Then the reaction mixture
was stirred for 2 h at room temperature until a solid product
was formed. The reaction mixture was neutralized with satu-
rated sodium bicarbonate solution. A yellow solid separated
was ﬁltered, washed with water and recrystallized from etha-
nol. Yield 78.3% (2.10 g), mp 130–132 C; Rf = 0.66
(PhMe:EtOAc, 3:1 v/v); IR (mmax, cm
1): 3087 (C-H), 1611
(C=N), 1761 (C=O), 1060 (C–O–C), 1178 (C–O), 1532,
1343 (N=O); 1H NMR (400 MHz, DMSO-d6) d ppm: 7.50–
7.98 (8H, m, Ar–H); 13C NMR (100 MHz, DMSO-d6) dC
ppm: 159.12 (CO), 118.32, 121.65, 125.45, 128.72, 129.44,
131.83, 134.33, 138.35, 145.42, 157.24 (Ar); Anal. Calcd. for
C14H8O4N2 (268.22): C, 62.69; H, 3.01; N, 10.44%. Found:
C, 62.35; H, 2.75; N, 10.22%. (Scheme 2).
2.4. Synthesis of 3-{4-[4-amino-2,6-diﬂuorobenzyl]-3,5-
diﬂuorophenyl}-6-nitro-2-phenyl quinazolin-4(3H)-one (3)
4,40-Methylene bis(3,5-diﬂuoro aniline) 1 (1.35 g, 0.005 mol)
and 6-nitro-2-phenyl-4H-benzo[1,3]oxazine-4-one 2 (1.34 g,
0.005 mol) were dissolved in pyridine (40 mL) and reﬂuxed
for 6 h. Then the reaction mixture was treated with dilute
hydrochloric acid and stirred for the separation of solid
product. It was ﬁltered off and washed with water to remove
any adhered pyridine. The crude quinazolinone thus obtained
was dried under vacuum and recrystallized from ethanol.
Yield 70.2% (1.83 g), mp 112–115 C; Rf = 0.58 (PhMe:E-
tOAc, 3:1 v/v); IR (mmax, cm
1): 3434, 3365 (N–H) 3095
(C–H), 1618 (C=N), 1687 (C=O), 1495 (C–N), 1585
(asym.), 1343 (sym.) (N=O), 1052 (C–F); 1H NMR
(400 MHz, DMSO-d6) d ppm: 2.78 (2H, s, CH2), 6.28 (2H,
s, NH2), 7.40–7.96 (12H, m, Ar–H);
13C NMR (100 MHz,
DMSO-d6) dC ppm : 38.23, 38.46, 38.64 (CH2), 159.58
(CO), 114.18, 116.24, 120.66, 123.50, 124.12, 125.66, 128.76,
129.58, 130.88, 132.60, 134.83, 135.55, 136.56, 144.82,
148.12, 156.80 (Ar); Anal. Calcd. for C27H16O3N4F4
(520.43): C, 62.31; H, 3.10; N, 10.77%. Found: C, 62.14;
H, 2.90; N, 10.52%. (Scheme 2).(1)
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Scheme 3 Preparation of coupling components (5a) and (6a).
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solution (4)
To a solution of water (25 mL), conc. HCl (1.88 mL,
0.015 mol) and ice (10 g), around 3-{4-[4-amino-2,6-diﬂuo-
robenzyl]-3,5-diﬂuorophenyl}-6-nitro-2-phenyl quinazolin-
4(3H)-one 3 (2.60 g, 0.005 mol) was added. The reaction
mixture was maintained at 0–5 C followed by NaNO2
(0.35 g, 0.005 mol) in water (10 mL) was added drop wise.
The solution was stirred for 30 min and excess HNO2
was decomposed by adding sulphamic acid. Activated
carbon was added with stirring and the mixture was
ﬁltered at 0–5 C to give a clear pale yellow solution 4
(Scheme 2).2.6. General method for the preparation of coupling component
(6a)
H-acid (3.19 g, 0.01 mol) was dissolved in water (15 mL) at pH
7.5, using 20 % (w/v) Na2CO3. A solution of cyanuric chloride
(1.85 g, 0.01 mol) in acetone (20 mL) was cooled to 0–5 C and
added drop wise to the stirred H-acid solution at 0–5 C
(Scheme 3). After 10 min, the solution was adjusted to pH 4
by adding 20 % (w/v) Na2CO3, and the reaction was continued
for 1 h at 0–5 C. The reaction progress was followed by TLC
using n-PrOH:n-BuOH:EtOAc:H2O (2:4:1:3 v/v) solvent sys-
tem, where 5a had Rf = 0.78 (Scheme 3).
o-Chloro-p-nitro aniline (1.73 g, 0.01 mol) was added to a
well stirred solution of 5a (0.01 mol) and after adjusting to
(4)
+
(6a)
0-5 °C
pH 9
(7a)
R
Where R=Various o-Chloro-p-nitro anilino cyanurated coupling components (6a-j)
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Scheme 4 Synthesis of reactive dye 7a.
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1 h at 40 C. The progress of the reaction was followed by TLC
(n-PrOH:n-BuOH:EtOAc:H2O, 2:4:1:3 v/v), where 6a had
Rf = 0.35 (Scheme 3).
2.7. General method for the synthesis of reactive dye (7a)
Freshly prepared diazonium salt solution (4) (0.005 mol) was
added drop wise to well stirred solution of o-chloro-p-nitro
anilino cyanurated H-acid (6a) (0.005 mol). The solutions were
maintained at pH 9 by adding 20% (w/v) Na2CO3 and the cou-
pling step was continued for 4 h at 0–5 C. Then, 10 % (w/v)
urea was added (Ravikumar et al., 1998) and the dyes were iso-
lated by salting out of solution using NaCl (12 g). The pH was
adjusted to 7.0 using HCl (6 % w/v) and stirring was continued
for 2 h. The dye (7a) was collected by ﬁltration and washed
with a small amount of saturated brine solution. The eluent
system for TLC was 2-BuOH:EtOH:NH4OH:pyridine
(4:1:3:2 v/v). Dye 7a had Rf = 0.40, with minor impurities at
Rf = 0.18.
Salt was removed by the following puriﬁcation process:
The crude dye (7a) was dissolved in 50 mL of dimethyl-
formamide. Next, the temperature was raised to 100 C for
half an h. The dye solution was ﬁltered through whatman ﬁl-
ter paper to remove insoluble impurities such as electrolytes
and other inorganic salts. 50–60 mL of chloroform was
slowly added to the ﬁltrate with continuous stirring. The
solution was cooled until the following day, when the violet
dye (7a) was precipitated. The precipitated dye was then ﬁl-
tered, washed with chloroform and dried at 60 C (Scheme
4).
Same coupling procedure and conditions were followed for
the synthesis of other reactive dyes (7b–j) using o-chloro-p-nitro anilino cyanurated coupling components such as
N-benzoyl-H-acid (6b), J-acid (6c), N-methyl-J-acid (6d),
N-phenyl-J-acid (6e), Gamma acid (6f), N-(3-sulfophenyl)-
Gamma acid (6g), Sulfo Gamma acid (6h), Chicago acid (6i)
and K-acid (6j). All these o-chloro-p-nitro anilino cyanurated
coupling components (6a–j) are summarized in Table 1.
Characterization data of all the dyes (7a–j) were given
below.
2.7.1. Dye 7a was synthesized using o-chloro-p-nitro anilino
cyanurated H-acid as coupling component as purple powder
aYield 82.2% (4.84 g), mp > 300 C; bRf = 0.40; UV/Vis
(Water) ckmax (emax) = 530 nm (43,652 lit mol
1 cm1); IR
(mmax, cm
1): 3474 (O-H), 3372 (N-H), 2924, 2834 (C-H),
1315 (C-N), 1686 (C = O), 1626 (N = N), 1557, 1428, 840
(s-triazine), 1569, 1331 (NO2), 1384, 1188 (SO3Na), 746 (C-
Cl), 1057 (C-F); 1H NMR (400 MHz, DMSO-d6) dH ppm:
2.60 (2H, s, CH2), 4.61 (1H, s, OH), 8.58 (2H, s, NH), 7.04–
7.80 (18H, m, Ar-H); 13C NMR (100 MHz, DMSO-d6) dC
ppm: 39.15, 39.52, 39.68 (CH2), 161.36 (C = O), 108.15,
111.20, 113.17, 115.20, 118.26, 119.12, 121.45, 123.56, 125.06,
127.63, 128.37, 130.75, 132.35, 133.62, 134.15, 135.60, 138.10,
142.53, 144.61, 146.14, 147.73, 152.18, 156.72, 162.10, 165.30,
169.12 (Ar); Anal. Calcd for C46H23O12N11S2Cl2Na2F4
(1178.75): C, 46.87; H, 1.97; N; 13.07%. Found: C, 46.62; H,
1.74; N, 12.85%.
2.7.2. Dye 7b was synthesized using o-chloro-p-nitro anilino
cyanurated N-benzoyl-H-acid as coupling component as dark
purple powder
aYield 85.1% (5.46 g), mp > 300 C; bRf = 0.38; UV/Vis
(Water) ckmax (emax) = 542 nm (45,168 lit mol
1 cm1); IR
(mmax, cm
1): 3485 (O-H), 3395 (N-H), 2940, 2852 (C-H),
Table 1 Structures of o-chloro-p-nitro anilino cyanurated coupling components (6a–j) (arrow indicates the coupling position).
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352 D.R. Patel, K.C. Patel1318 (C-N), 1682 (C = O), 1625 (N = N), 1550, 1422, 845 (s-
triazine), 1555, 1328 (NO2), 1380, 1143 (SO3Na), 752 (C-Cl),
1052 (C-F); 1H NMR (400 MHz, DMSO-d6) dH ppm: 2.28
(2H, s, CH2), 4.70 (1H, s, OH), 8.30 (1H, s, NH), 7.01–7.85
(23H, m, Ar-H); 13C NMR (100 MHz, DMSO-d6) dC ppm:
39.10, 39.44, 39.65 (CH2), 161.15, 162.22 (C = O), 108.11,
110.14, 114.56, 116.26, 118.24, 119.78, 122.40, 123.34, 125.74,
127.45, 128.31, 130.44, 132.92, 133.06, 134.10, 135.11, 138.83,
142.22, 145.60, 146.37, 148.55, 150.19, 153.11, 156.66, 163.15,
165.44, 169.68 (Ar); Anal. Calcd for C53H27O13N11S2Cl2Na2F4
(1282.86): C, 49.62; H, 2.12; N; 12.01%. Found: C, 46.45; H,
2.03; N, 11.88%.
2.7.3. Dye 7c was synthesized using o-chloro-p-nitro anilino
cyanurated J-acid as coupling component as dark yellow powder
aYield 75.4% (4.06 g), mp > 300 C; bRf = 0.38; UV/Vis
(Water) ckmax (emax) = 470 nm (33,884 lit mol
1 cm1); IR
(mmax, cm
1): 3524 (O-H), 3361 (N-H), 2935, 2843 (C-H),
1323 (C-N), 1675 (C = O), 1624 (N = N), 1537, 1433, 838
(s-triazine), 1577, 1344 (NO2), 1364, 1193 (SO3Na), 748 (C-
Cl), 1055 (C-F). 1H NMR (400 MHz, DMSO-d6) dH ppm:
2.58 (2H, s, CH2), 4.74 (1H, s, OH), 8.64 (2H, s, NH), 6.98–
7.82 (19H, m, Ar-H); 13C NMR (100 MHz, DMSO-d6) dC
ppm: 39.25, 39.48, 39.70 (CH2), 161.32 (C = O), 108.03,
111.16, 113.15, 115.45, 118.56, 119.50, 121.11, 122.36, 123.13,
125.52, 127.34, 128.18, 130.16, 132.26, 133.35, 134.10, 135.40,
138.82, 142.24, 144.75, 146.55, 147.46, 152.02, 155.50, 163.57,
165.82, 169.25 (Ar); Anal. Calcd for C46H24O9N11SCl2NaF4
(1076.71): C, 51.31; H, 2.25; N, 14.31%. Found C, 51.10; H,
2.06; N, 14.06 %.
2.7.4. Dye 7d was synthesized using o-chloro-p-nitro anilino
cyanurated N-methyl-J-acid as coupling component as light red
powder
aYield 78.1% (4.26 g), mp > 300 C; bRf = 0.35; UV/Vis
(Water) ckmax (emax) = 492 nm (32,359 lit mol
1 cm1); IR
(mmax, cm
1): 3540 (O-H), 3340 (N-H), 2930, 2855 (C-H),
1320 (C-N), 1672 (C = O), 1618 (N = N), 1530, 1412, 830
(s-triazine), 1560, 1335 (NO2), 1360, 1195 (SO3Na), 745 (C-
Cl), 1052 (C-F); 1H NMR (400 MHz, DMSO-d6) dH ppm:
2.40 (2H, s, CH2), 2.68 (3H, s, N-CH3), 4.72 (1H, s, OH),
8.55 (1H, s, NH), 7.03–7.85 (19H, m, Ar-H); 13C NMR
(100 MHz, DMSO-d6) dC ppm: 21.18, 21.35, 21.53, 21.76 (N-
CH3), 39.09, 39.26, 39.52 (CH2), 161.34 (C = O), 108.10,
110.38, 113.12, 116.58, 118.52, 119.40, 121.06, 123.13, 125.15,
126.92, 128.18, 130.14, 132.82, 133.53, 134.75, 135.16, 138.15,
142.39, 145.14, 146.05, 147.19, 153.27, 156.62, 163.15, 166.28,
169.25 (Ar); Anal. Calcd for C47H26O9N11SCl2NaF4
(1090.73): C, 51.75; H, 2.40; N, 14.13%. Found C, 51.50; H,
2.16; N, 12.94%.
2.7.5. Dye 7e was synthesized using o-chloro-p-nitro anilino
cyanurated N-phenyl-J-acid as coupling component as dark red
powder
aYield 80.1% (4.61 g), mp > 300 C; bRf = 0.36; UV/Vis
(Water) ckmax (emax) = 500 nm (33,113 lit mol
1 cm1); IR
(mmax, cm
1): 3528 (O-H), 3354 (N-H), 2942, 2843 (C-H),
1325 (C-N), 1678 (C = O), 1620 (N = N), 1522, 1420, 835
(s-triazine), 1572, 1330 (NO2), 1372, 1190 (SO3Na), 758 (C-
Cl), 1050 (C-F); 1H NMR (400 MHz, DMSO-d6) dH ppm:
2.45 (2H, s, CH2), 4.65 (1H, s, OH), 8.50 (1H, s, NH), 7.12–
7.88 (24H, m, Ar-H); 13C NMR (100 MHz, DMSO-d6) dCppm: 39.20, 39.52, 39.65 (CH2), 161.18 (C = O), 108.15,
110.11, 113.32, 115.27, 117.20, 119.55, 121.72, 122.28, 123.60,
125.45, 127.75, 128.92, 129.66, 132.17, 133.65, 134.26, 135.55,
138.72, 142.45, 143.62, 145.56, 148.95, 152.76, 156.17, 163.46,
165.15, 169.40 (Ar); Anal. Calcd for C52H28O9N11SCl2NaF4
(1152.80): C, 54.18; H, 2.45; N, 13.37%. Found C, 53.92; H,
2.18; N, 13.15%.
2.7.6. Dye 7f was synthesized using o-chloro-p-nitro anilino
cyanurated Gamma acid as coupling component as light yellow
powder
aYield 78.5% (4.23 g), mp > 300 C; bRf = 0.38; UV/Vis
(Water) ckmax (emax) = 460 nm (28,184 lit mol
1 cm1); IR
(mmax, cm
1): 3478 (O-H), 3374 (N-H), 2926, 2842 (C-H),
1314 (C-N), 1680 (C = O), 1622 (N = N), 1532, 1424, 841
(s-triazine), 1565, 1323 (NO2), 1386, 1152 (SO3Na), 746 (C-
Cl), 1050 (C-F); 1H NMR (400 MHz, DMSO-d6) dH ppm:
2.54 (2H, s, CH2), 4.58 (1H, s, OH), 8.45 (2H, s, NH), 7.22–
7.78 (19H, m, Ar-H); 13C NMR (100 MHz, DMSO-d6) dC
ppm: 39.17, 39.32, 39.58 (CH2), 161.67 (C = O), 108.10,
110.22, 112.23, 114.26, 115.05, 118.32, 120.36, 123.88, 125.26,
126.85, 128.08, 131.25, 133.90, 134.65, 135.45, 138.10, 140.16,
143.32, 144.12, 145.55, 148.58, 152.10, 155.54, 164.02, 166.10,
169.12 (Ar); Anal. Calcd for C46H24O9N11SCl2NaF4
(1076.71): C, 51.31; H, 2.25; N, 14.31%. Found C, 51.04; H,
2.05; N, 14.03 %.
2.7.7. Dye 7g was synthesized using o-chloro-p-nitro anilino
cyanurated Sulfo gamma acid as coupling component as light
orange powder
aYield 80.3% (4.73 g), mp > 300 C; bRf = 0.36; UV/Vis
(Water) ckmax (emax) = 473 nm (29,511 lit mol
1 cm1); IR
(mmax, cm
1): 3522 (O-H), 3402 (N-H), 2935, 2850 (C-H),
1318 (C-N), 1685 (C = O), 1626 (N = N), 1521, 1418, 830
(s-triazine), 1575, 1344 (NO2), 1380, 1186 (SO3Na), 760 (C-
Cl), 1045 (C-F); 1H NMR (400 MHz, DMSO-d6) dH ppm:
2.34 (2H, s, CH2), 4.63 (1H, s, OH), 8.58 (2H, s, NH), 7.08–
7.85 (18H, m, Ar-H); 13C NMR (100 MHz, DMSO-d6) dC
ppm: 39.10, 39.27, 39.70 (CH2), 161.70 (C = O), 108.03,
110.45, 112.54, 113.20, 116.22, 118.65, 120.43, 123.54, 124.20,
126.09, 129.13, 131.56, 133.65, 134.78, 135.43, 137.66, 140.79,
143.58, 144.36, 145.51, 149.03, 152.33, 155.50, 164.15, 166.36,
169.68 (Ar); Anal. Calcd for C46H23O12N11S2Cl2Na2F4
(1178.75): C, 46.87; H, 1.97; N; 13.07%. Found: C, 46.65; H,
1.78; N, 12.88%.
2.7.8. Dye 7h was synthesized using o-chloro-p-nitro anilino
cyanurated N-(3-Sulfophenyl) gamma acid as coupling
component as dark orange powder
aYield 85.4% (5.36 g), mp > 300 C; bRf = 0.42; UV/Vis
(Water) ckmax (emax) = 483 nm (31,023 lit mol
1 cm1); IR
(mmax, cm
1): 3520 (O-H), 3376 (N-H), 2954, 2838 (C-H),
1322 (C-N), 1670 (C = O), 1612 (N = N), 1514, 1426, 835
(s-triazine), 1545, 1332 (NO2), 1363, 1180 (SO3Na), 764
(C-Cl), 1032 (C-F); 1H NMR (400 MHz, DMSO-d6) dH
ppm: 2.30 (2H, s, CH2), 4.65 (1H, s, OH), 8.36 (1H, s, NH),
7.10–7.95 (23H, m, Ar-H); 13C NMR (100 MHz, DMSO-d6)
dC ppm: 39.09, 39.35, 39.74 (CH2), 161.19 (C = O), 108.02,
111.23, 112.27, 115.66, 117.09, 118.11, 120.58, 123.89, 124.64,
125.11, 127.01, 129.46, 131.52, 133.74, 134.44, 135.62, 138.71,
140.92, 143.55, 144.76, 145.80, 149.48, 152.41, 155.55, 164.10,
166.31, 169.60 (Ar); Anal. Calcd for C52H27O12N11S2Cl2Na2F4
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2.01; N, 12.05%.
2.7.9. Dye 7i was synthesized using o-chloro-p-nitro anilino
cyanurated Chicago acid as coupling component as light yellow
powder
aYield 76.8% (4.53 g), mp > 300 C; bRf = 0.36; UV/Vis
(Water) ckmax (emax) = 455 nm (28,671 lit mol
1 cm1); IR
(mmax, cm
1): 3495 (O-H), 3360 (N-H), 2940, 2822 (C-H),
1310 (C-N), 1665 (C = O), 1615 (N = N), 1565, 1420, 848
(s-triazine), 1543, 1326 (NO2), 1362, 1141 (SO3Na), 750 (C-
Cl), 1045 (C-F); 1H NMR (400 MHz, DMSO-d6) dH ppm:
2.34 (2H, s, CH2), 4.66 (1H, s, OH), 8.32 (2H, s, NH), 7.13–
7.99 (18H, m, Ar-H); 13C NMR (100 MHz, DMSO-d6) dC
ppm: 39.10, 39.35, 39.53 (CH2), 161.19 (C = O), 108.15,
110.60, 114.22, 115.45, 118.35, 119.79, 121.30, 123.29, 125.69,
126.22, 127.20, 130.43, 132.90, 133.78, 134.87, 135.66, 138.78,
143.50, 144.55, 146.04, 147.14, 152.54, 156.57, 162.38, 165.29,
169.68 (Ar); Anal. Calcd for C46H23O12N11S2Cl2Na2F4
(1178.75): C, 46.87; H, 1.97; N; 13.07%. Found: C, 46.66; H,
1.77; N, 12.89%.
2.7.10. Dye 7j was synthesized using o-chloro-p-nitro anilino
cyanurated K-acid as coupling component as light yellow powder
aYield 77.7% (4.58 g), mp > 300 C; bRf = 0.39; UV/Vis
(Water) ckmax (emax) = 458 nm (28,074 lit mol
1 cm1); IR
(mmax, cm
1): 3525 (O-H), 3400 (N-H), 2952, 2830 (C-H),
1326 (C-N), 1674 (C = O), 1619 (N = N), 1542, 1430, 826
(s-triazine), 1570, 1326 (NO2), 1364, 1140 (SO3Na), 758 (C-
Cl), 1035 (C-F); 1H NMR (400 MHz, DMSO-d6) dH ppm:
2.53 (2H, s, CH2), 4.60 (1H, s, OH), 8.55 (2H, s, NH), 7.15–
7.88 (18H, m, Ar-H); 13C NMR (100 MHz, DMSO-d6) dC
ppm: 39.23, 39.46, 39.70 (CH2), 161.74 (C = O), 109.24,
110.33, 114.57, 115.50, 116.78, 118.88, 119.93, 121.51, 123.45,
125.80, 126.76, 127.32, 129.40, 131.26, 133.55, 134.72, 135.95,
138.88, 143.62, 144.51, 146.74, 147.10, 152.01, 155.59, 162.44,
165.67, 169.60 (Ar); Anal. Calcd for C46H23O12N11S2Cl2Na2F4
(1178.75): C, 46.87; H, 1.97; N; 13.07%. Found: C, 46.70; H,
1.82; N, 12.91%.
Abbreviations:
s-singlet, m-multiplet.
aIsolated yield; bDetermined by using 2-BuOH:EtOH:
NH4OH:Pyridine (4:1:3:2 v/v) solvent system;
cDetermined in
water at 28 C at 4 106 M dye concentration.
2.8. Antimicrobial screening
All the synthesized reactive dyes samples (7a–j) were screened
for their antibacterial and antifungal activity (MIC) in vitro
by broth dilution method with two Gram positive bacteria S.
aureus (MTCC 96), S. pyogenes (MTCC 442) and two Gram
negative bacteria E. coli (MTCC 443), P. aeruginosa (MTCC
1688) and fungi C. albicans (MTCC 227), A. niger (MTCC
282) andA. clavatus (MTCC 1323) organisms taking ampicillin,
chloramphenicol, nystatin and greseofulvin as standard drugs.
2.9. Dyeing of ﬁbres
All the reactive dyes 7a–j were applied to silk, wool and cotton
ﬁbres at 2% (owf) shade according to the following batch wise
exhaust dyeing procedure which gave hues that ranged fromyellow to purple depending upon the nature and position of
the coupling components used.
2.9.1. Preparation of the ﬁbre
In order for the colouring to be successful, it is essential that
the ﬁbres must be washed carefully before dyeing process
(Chatwal, 1995). The raw ﬁbres get associated with unwanted
substances like oil, waxes and lubricants used while spinning.
These also get associated with sizing material and dirt process-
ing hence the ﬁbres is scoured with soap and detergents before
these are dyed. The soaping process before dyeing helps the
dye liquor to penetrate through the ﬁbre material for produc-
ing level colouring.
2.9.2. Dyeing of silk ﬁbre
The dye was dissolved by pasting up in cold water and then the
addition of hot water and stirred well to give a clear solution.
The pH of the dye bath was adjusted to 3.0 by adding acetic
acid solution and the total volume was adjusted to 80 mL by
adding the required amount of distilled water. The tempera-
ture of the dye bath was adjusted to 50 C and the silk pattern
was introduced into the dye liquor with stirring. The tempera-
ture of the dye bath was gradually increased to 85 C over a
period of 10 min. At this temperature formic acid was added
to the dye bath to achieve good exhaustion. The colouring
was continued for 60 min more. The dyed pattern was then
removed from the dye bath and washed with cold water
(500 mL) for several times.
2.9.3. Dyeing of wool ﬁbre
The dye was dissolved by pasting up in cold water and then the
addition of hot water. Anhydrous Glauber’s salt solution
(1.5 mL, 10% w/v) was added to it. The pH of the dye bath
was adjusted to 5.5 by adding acetic acid solution (1.5 mL,
10% v/v) and the total volume was adjusted to 80 mL by add-
ing the required amount of distilled water. The temperature of
the dye bath was raised to 50 C and the wool pattern was
introduced into the dye liquor with stirring. The temperature
of the dye bath was gradually increased to 80 C over a period
of 30 min and this temperature was maintained for another
60 min. The dyed pattern was then removed from the dye bath
and washed with cold water (500 mL) several times.
2.9.4. Dyeing of cotton ﬁbre
The dye under this study was dissolved by pasting up in cold
water and then the addition of hot water. Anhydrous Glau-
ber’s salt solution (1.0 mL, 10% w/v) and sodium chloride
(0.5 g) were added to it and the total volume was adjusted to
80 mL by adding the required amount of distilled water. The
temperature of the dye bath was raised to 40 C and the cotton
pattern was introduced into the dye liquor with stirring. The
temperature of the dye bath was gradually increased to 80 C
over a period of 30 min and at this temperature the pH of
the dye bath was adjusted to 11 by adding soda ash solution
(1.0 mL, 2% w/v). Continue dyeing for further 60 min. After
that the dyed ﬁbres were removed from the dye bath.
2.9.5. Wash off process
After the dyeing process the dyed ﬁbres (silk, wool and cotton)
were washed several times with cold water (100 mL). The dyed-
pattern was then further treated with a solution of detergent
354 D.R. Patel, K.C. PatelLissapol D (0.29 g) in water (100 mL) at 100 C for 15 min and
repeated until no more colour was removed from the dyed ﬁ-
bres. After washing the dyed ﬁbres were washed with cold
water and dried in a dryer.
The wash-off process is very important for the removal of
unwanted surplus dye, electrolyte, leveling agent and unﬁxed
or hydrolysed dyes from the dyed ﬁbre so as to achieve opti-
mum fastness properties (Burkinshaw and Kabambe, 2009).
3. Results and Discussion
3.1. Spectral characteristics
The structures of all monoazo reactive dyes (7a–j) were con-
ﬁrmed by various spectroscopic techniques including IR, 1H
and 13C NMR.
IR spectra (Colthup et al., 1991) of the dyes 7a–j showed a
broad band within the range of 3474–3540 cm1 correspond-
ing to the stretching vibration of the hydroxyl group. The IR
spectra of all dyes showed characteristic band at 3340–
3402 cm1 that conﬁrmed the presence of a secondary amino
group. The methylene bridge group was conﬁrmed by the pres-
ence of two bands at 2924–2954 cm1 and 2822–2855 cm1,
out of the two the former was asymmetric and the latter was
symmetric. The band within the range of 1665–1686 cm1
was due to the stretching vibration of the carbonyl group,
which conﬁrmed the conversion of d-lactone to d-lactum ring
by the disappearance of a peak at 1761 cm1 (Int-2). The band
within the region of 1612–1626 cm1 was due to the stretching
vibration of the azo group. All the dyes showed asymmetric
and symmetric stretching vibrations at 1360–1386 cm1 and
1140–1195 cm1 due to the presence of sulphonic acid group.
The nitro group showed asymmetric and symmetric stretching
vibrations at 1543–1577 cm1 and 1323–1344 cm1. Chloro
and ﬂuoro groups were conﬁrmed by the presence of bands be-
tween 745–764 cm1 and 1032–1057 cm1.
The 1H NMR spectra (Bassler et al., 1991) of all the dyes
(7a–j) showed a signal at 2.28–2.60 d ppm which can be attrib-
uted to CH2 protons. Dyes 7a–j showed a singlet at 4.58–4.74 d380 400 420 440 460 480 500 520 540 560 580 600
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Figure 1 Absorption spectra of reactive dyes 7a–j in water.ppm which was due to the OH protons. Dye 7c showed a sin-
glet at 2.68 d ppm due to the presence of N-CH3 protons. All
the dyes showed singlets at 8.30–8.64 d ppm and this was due
to the NH protons, these signals appeared downﬁeld due to the
intermolecular hydrogen bonding between NH and DMSO.
The aromatic protons showed signals at 6.98–7.99 d ppm.
The 13C NMR spectra (Bassler et al., 1991) of all the dyes
(7a–j) showed signals at 39.09–39.74 d ppm due to the presence
of CH2 carbons. All the dyes showed signals at 161.15–161.74
d ppm due to the C = O carbons of the quinazolinone ring and
N-benzoyl-H-acid coupler moiety. Dye 7c showed signals at
21.18–21.76 d ppm due to the N-CH3 carbons of the N-
methyl-J-acid coupler moiety. Aromatic carbons showed sig-
nals between 108.02–169.68 d ppm.
3.2. Absorption spectra
The absorption maxima values (kmax) of the dyes 7a–j were
determined in water (106 M) and are shown in Fig. 1. The
absorption maxima of all the reactive dyes (7a–j) ranged from
455–542 nm and depends on the group attached to the cou-
pling components used (Table 1). The molar extinction coefﬁ-
cient maxima (emax) values were in the range of 28,184–45,168
lit mol1 cm1. All the dyes 7a–j showed a relatively higher va-
lue of molar extinction coefﬁcient due to the extended p-elec-
tron delocalization (Kitamura et al., 2004; Hara et al., 2003).
Colour and depth of hues depend on the position and nat-
ure of the different groups attached to the coupler moiety. The
introduction of the benzyl group into dye 7b (kmax=542 nm)
showed a bathochromic shift of 12 nm as compared to dye
7a (kmax 530 nm). The introduction of methyl into dye 7d
(kmax = 492 nm) and phenyl group into dye 7e (kmax=500 nm)
resulted in a bathochromic shift of 22 nm and 30 nm respec-
tively as compared to dye 7c (kmax = 470 nm). The introduc-
tion of the sulfo and 3-sulfophenyl groups in the dye 7g
(kmax=473 nm) and 7h (kmax = 483 nm) showed bathochromic
shifts of 13 nm and 23 nm respectively as compared to dye 7f
(kmax = 460 nm). Dyes 7i and 7j possess the same number of
groups as dye 7a but the positions are different hence dyes
7a, 7i and 7j having different values of kmax and dye 7a having
a higher value of kmax, due to the vicinity of OH and NH
group, the oscillation is slow in dye 7a compared with other
dyes 7i and 7j.
3.3. Antimicrobial screening
3.3.1. Antibacterial activity
Dye 7i showed excellent activity against E. coli and equipoten-
tial activity against P. aeruginosa while very good activity was
seen against S. aureus and good activity against S. pyogenus
with respect to the standard drug Ampicillin. Dye 7h showed
equipotential activity against E. coli, P. aeruginosa and S. aur-
eus with respect to the standard drug Ampicillin. Dyes 7e and
7f showed equipotential activity against E. coli while dye 7b
showed equipotential activity against P. aeruginosa and very
good activity against S. aureus with respect to the standard
drug Ampicillin. Dyes 7d showed excellent activity against S.
aureus and equipotential against S. pyogenus while dye 7e
showed excellent activity against S. aureus with respect to
standard drug Ampicillin. Antibacterial activity data were
shown in Table 2.
Table 3 Colorimetric (CIE Lab) data of reactive dyes 7a–j on silk, wool and cotton ﬁbres.
Dye No. L* a* b* C* H* K/S
S W C S W C S W C S W C S W C S W C
7a 58.75 60.48 52.15 30.35 26.41 36.59 -0.78 10.96 -0.30 30.36 28.59 36.60 358.53 22.54 359.53 01.89 04.45 03.46
7b 60.78 61.90 53.73 31.66 30.16 38.52 06.10 08.35 03.50 26.10 25.29 32.77 50.70 36.44 54.27 02.98 06.12 05.28
7c 78.36 72.23 76.31 14.58 14.78 16.42 15.72 27.52 21.50 21.44 31.24 27.05 47.15 61.76 52.64 00.85 04.58 01.01
7d 76.68 61.17 66.14 16.07 25.05 25.37 10.68 24.86 18.36 19.29 35.29 31.32 33.61 44.79 35.89 00.80 05.47 01.48
7e 81.86 57.20 66.60 13.64 33.01 29.55 04.82 20.66 13.06 14.47 38.94 32.30 19.46 32.04 23.85 00.70 05.04 01.38
7f 77.19 65.60 72.48 16.08 23.28 21.97 09.02 22.68 15.98 18.44 32.50 27.17 29.29 44.26 36.03 00.78 05.02 01.12
7g 75.12 70.14 75.60 12.70 18.10 22.82 10.70 20.45 17.67 22.56 40.33 30.21 44.05 48.56 40.09 01.09 06.34 02.25
7h 72.78 72.10 79.03 09.56 15.60 17.66 08.60 21.11 20.94 28.55 42.90 33.54 54.67 50.10 44.31 03.45 08.60 02.94
7i 46.15 50.64 60.48 18.66 28.78 25.10 15.52 23.10 19.60 22.50 36.56 28.78 39.55 48.12 35.42 00.90 03.45 01.50
7j 44.07 54.12 62.70 20.70 30.24 29.44 10.80 26.55 16.42 17.96 40.83 35.41 31.89 39.20 31.64 00.76 03.30 01.34
Abbreviations: S, silk; W, wool; C, cotton.
Table 2 Antimicrobial activity data of reactive dyes 7a–j.
Dye No. Minimal bactericidal concentration (MBC) (lg/ml) Minimal fungicidal concentration (MFC) (lg/ml)
Gram-negative Gram-positive
E. coli
MTCC443
P. aeruginosa
MTCC 1688
S. aureus
MTCC 96
S. pyogenes
MTCC 442
C. albicans
MTCC 227
A. niger
MTCC 282
A. clavatus
MTCC 1323
7a 250 250 500 250 100 250 250
7b 500 100 200 500 100 200 200
7c 250 500 500 500 250 1000 1000
7d 500 200 100 100 500 1000 >1000
7e 100 500 100 500 250 500 500
7f 100 200 500 500 500 500 500
7g 200 200 1000 1000 200 200 250
7h 100 100 250 500 500 500 500
7i 62.5 100 200 100 1000 1000 1000
7j 500 500 500 100 250 >1000 >1000
Ampicillin 100 100 250 100 – – –
Chloramphenicol 50 50 50 50 – – –
Nystatin – – – – 100 100 100
Greseofulvin – – – – 500 100 100
Abbreviations: E. coli, Escherichia coli; P. aeruginosa, Pseudomonas aeruginosa; S. aureus, Streptococcus aureus; S. pyogenes, Streptococcus
pyogenes; C. albicans, Candida albicans; A. niger, Aspergillus niger; A. clavatus, Aspergillus clavatus; MTCC, microbial type cultural collection.
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Dyes 7a and 7b showed equipotential activity against C. albi-
cans with respect to the standard drug Nystatin. Dyes 7c, 7e,
7g and 7j showed very good activity against C. albicans
while dyes 7d and 7h showed equipotential activity against
C. albicans with respect to standard drug Greseofulvin. Anti-
fungal activity data were shown in Table 2.
The results demonstrate that certain dyes are able to reduce
microbial growth in the case of E. coli and C. albicans. There-
fore selected dyes would be valuable for the colouring of sheets
and gowns for hospital use.
3.4. Colorimetric analysis (CIE Lab data)
The color of a coloring on silk, wool and cotton ﬁbres is ex-
pressed in terms of CIE Lab values (Table 3) and the follow-
ing CIE Lab coordinates were measured. Thus, Co-ordinates
L* represent lightness [(+) for lighter and (–) for darker], a*
is the red-green axis [(+) for red, (0) for grey and (–) for
green] and b* is the yellow-blue axis [(+) for yellow, (0)for grey and (–) for blue)], C* represent brightness (+) and
dullness (–).
A reﬂectance spectrophotometer was used for the colouri-
metric measurements on the dyed samples. K/S values given
by the reﬂectance spectrophotometer are calculated at kmax
and are directly correlated with the dye concentration on the
substrate according to the Kubelka–Munk equation (Eq. 1)
(Billmeyer and Ssltman, 1981; Volz, 1995).
K=S ¼ ð1 RÞ2=2R ð1Þ
Where K - Absorbance coefﬁcient, S - scattering coefﬁcient
and R - reﬂectance ratio.
For silk ﬁbre, Table 3 showed that the colouring obtained
using dye 7b was more darker, redder, yellower, duller and
had higher value of K/S than dye 7a. The colouring obtained
using dye 7d was more darker, redder, bluer, duller and had
a lower value of K/S than dye 7c and dye 7e was more lighter,
greener, bluer, duller and had a lower value of K/S than dye
7c. The colouring obtained using dye 7g was more darker,
greener, yellower, brighter and had a higher value of K/S than
356 D.R. Patel, K.C. Pateldye 7f and dye 7h was more darker, greener, bluer, duller and
had a lower value of K/S than dye 7f. And ﬁnally the compar-
ison between dye 7i and 7j, the colouring obtained using dye 7j
was darker, redder, bluer, duller and lower value of K/S than
dye 7i.
Chromaticity graph of b\ vs. a\ for silk ﬁbre was shown in
Fig. 2.
The colour strength of the dyed fabric expressed as K/S,
which followed the following order. Dye 7h possesses a higher
value of K/S while dye 7e possesses a lower K/S value for silk
ﬁbre.
7h > 7b > 7a > 7g > 7i > 7c > 7d > 7f > 7j > 7e
For wool ﬁbre, Table 3 showed that the colouring obtained
using dye 7b was lighter, redder, bluer, duller and had a higher
value of K/S than dye 7a. The colouring obtained using dye 7d
was darker, redder, bluer, brighter and had a higher value of
K/S than dye 7c, similar results were obtained when colouring
obtained using dye 7e and compared against dye 7c. The col-
ouring was obtained using dye 7g was lighter, greener, bluer,
brighter and had a higher value of K/S than dye 7f, here also
similar results were obtained when colouring obtained using
dye 7h and compared against dye 7f. And ﬁnally the colouring
obtained using dye 7j was lighter, redder, yellower, brighter
and had a lower value of K/S than dye 7i.
Chromaticity graph of b\ vs. a\ for the wool ﬁbre was
shown in Fig. 3. The K/S values for wool ﬁbre followed the fol-Figure 2 Chromaticity diagram of b* vs. a* for silk ﬁbre.
Figure 3 Chromaticity diagram of b* vs. a* for wool ﬁbre.lowing order. Dye 7h possesses a higher value of K/S while dye
7j possesses a lower K/S value for the wool ﬁbre.
7h > 7g > 7b > 7d > 7e > 7f > 7c > 7a > 7i > 7j
And for cotton ﬁbre, Table 3 showed that the colouring ob-
tained using dye 7b was lighter, redder, yellower, duller and
had a higher value of K/S than dye 7a. The colouring obtained
using dye 7d was darker, redder, bluer, brighter and had a
higher value of K/S than dye 7c and similar results were ob-
tained when colouring obtained using dye 7e and compared
against dye 7c. The colouring was obtained using dye 7g was
more lighter, redder, yellower, brighter and had a higher value
of K/S than dye 7f and colouring obtained using dye 7h was
more lighter, greener, yellower, brighter and had a higher value
of K/S than dye 7f and ﬁnally the colouring obtained using dye
7j was more lighter, redder, bluer, brighter and lower value of
K/S than dye 7i.
Chromaticity graph of b\ vs. a\ for the cotton ﬁbre was
shown in Fig. 4. The K/S values for the cotton ﬁbre followed
the following order. Dye 7b possesses a higher value of K/S
while dye 7c possesses a lower K/S value for cotton ﬁbre.
7b > 7a > 7h > 7g > 7i > 7d > 7e > 7j > 7f > 7cFigure 4 Chromaticity diagram of b* vs. a* for cotton ﬁbre.
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Figure 5 K/S graph of reactive dyes 7a–j.
Table 4 %Exhaustion, %Fixation and Fastness properties data of reactive dyes 7a–j.
Dye No. %Exhaustion %Fixation Light fastness Wash fastness Rubbing fastness
S W C S W C S W C S W C Dry Wet
S W C S W C
7a 90.73 90.28 89.13 80.46 82.42 80.22 4 6 4–5 5 5 5 4–5 5 5 5 5 5
7b 90.06 90.32 88.25 79.96 82.56 79.32 5 5–6 4 4–5 4 4–5 4 4–5 4 4–5 4 5
7c 89.66 88.63 86.35 80.50 79.55 78.75 4–5 5 4–5 4–5 4 4 4 4–5 4 4 3–4 4–5
7d 88.35 87.68 87.13 78.10 81.70 77.67 3–4 4–5 5 4 3 3–4 3 3 3–4 3 3 3–4
7e 86.65 87.46 86.25 77.64 78.19 77.10 6 5–6 6 3 3–4 3 3–4 4 4 3–4 4 3–4
7f 86.13 88.25 86.80 77.47 77.49 78.36 4 4–5 3–4 3–4 3 3–4 3 3–4 4 3 3 3
7g 88.15 89.50 87.75 78.34 78.71 80.02 6 6 5–6 3 3–4 3 3 3–4 3 3–4 3–4 3
7h 89.70 90.11 90.80 81.70 79.29 80.10 5–6 6 6 4 3 3–4 3–4 3 3 3 3–4 3–4
7i 88.65 87.20 86.10 77.58 78.70 77.10 4–5 3–4 3–4 3–4 3–4 4 4 4 3 3–4 4 3–4
7j 86.83 87.10 88.26 77.32 78.40 78.92 6 5–6 6 4 3 3–4 3–4 3–4 4–5 4 4 3
Abbreviations: S-Silk, W-Wool, C-Cotton.
Light fastness: 1-poor, 2-slight, 3-moderate, 4-fair, 5-good, 6-very good.
Wash & Rubbing fastness: 1-poor, 2-fair, 3-good, 4-very good, 5-excellent.
Synthesis, characterization and in vitro antimicrobial screening 357The K/S value seems to be higher on wool in comparison with
silk and cotton ﬁbres. The reason for this is that the wool ﬁbre
has higher substantivity towards these synthesized dyes. It was
also found that all the dyes have higher L* values which con-
ﬁrm the brilliancy of the color (McDonald, 1997). The K/S
graph for all the dyes (7a–j) was shown in Fig. 5.
3.5. Exhaustion and ﬁxation properties
The data of exhaustion and ﬁxation percentage were calculated
by the earlier described process (Patel and Patel, 2005) and the
data were shown in Table 4.
The percentage exhaustion on silk ﬁbre varied from 86.13–
90.73%, in which dye 7f showed maximum value and dye 7f
showed minimum value. For wool ﬁbre values varied from
87.10–90.32%, in which the dye 7b showed maximum value
and the dye 7j showed minimum value and for the cotton ﬁbre
the percentage exhaustion data varied from 86.10–90.80%, in
which the dye 7h showed maximum value and the dye 7i
showed minimum value. Graph of %Exhaustion of all dyes
7a–j was shown in Fig. 6.7a 7b 7c 7d 7e 7f 7g 7h 7i 7j
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Figure 6 %Exhaustion Graph of reactive dyes 7a–j.The percentage ﬁxation on silk ﬁbre varied from 77.32–
81.70%, in which dye 7h showed maximum value and dye 7j
showed minimum value. For wool ﬁbre values varied from
78.19–82.56%, in which dye 7b showed maximum value and
dye 7e showed minimum value and for the cotton ﬁbre the per-
centage exhaustion data varied from 77.10–80.22%, in which
the dye 7a showed maximum value and the dye 7i showed min-
imum value. Graph of %ﬁxation of all dyes 7a–j was shown in
Fig. 7.
Introduction of s-triazine group to the dye molecule in-
creases substantivity towards the fabrics and hence improves
the exhaustion and ﬁxation values. The lower exhaustion
may be due to the lower substantivity and also due to the lower
hydrophobicity (Dawson, 1991). The signiﬁcant degree of lev-
elness after washing indicates the good penetration and afﬁnity
of these dyes to the fabrics.
3.6. Fastness properties
The synthesized reactive dyes 7a–j showed generally moderate
to very good light fastness property (3–6 rating on greyscale).
The good light fastness may be due to the greater attractive7a 7b 7c 7d 7e 7f 7g 7h 7i 7j
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Figure 8 Thermogravimetric curves of reactive dyes 7a, 7e and
7j.
Table 5 Thermogravimetric analysis (TGA) data of reactive
dyes 7a–j.
Dye No. % Weight loss at various temperature (C) from TGA
150 300 450 600 750 900
7a 1.01 4.11 6.11 8.01 14.01 33.76
7b 2.10 5.07 7.12 9.16 17.25 36.07
7c 1.84 4.85 6.08 9.12 15.70 35.77
7d 3.07 6.45 8.02 10.14 18.25 31.84
7e 1.60 3.55 5.65 7.65 13.40 30.55
7f 1.56 3.15 6.17 8.66 15.19 33.64
7g 2.63 6.19 8.28 10.10 16.90 35.12
7h 2.07 4.28 7.26 9.15 16.24 33.04
7i 1.72 3.35 5.98 7.65 18.22 30.90
7j 1.55 5.07 7.24 9.72 15.85 31.58
358 D.R. Patel, K.C. Patelforce between dye and ﬁbre and also due to the transformation
of the dye molecule from the crystalline form to dispersed form
within the fabric. The washing and rubbing fastness properties
were shown to be good to excellent (3–5 rating on greyscale).
The good washing and rubbing fastness properties may be
due to the good diffusion of the dye molecule within the fabric.
All the dyes showed bright shades due to good wash fastness
properties. The fastness properties data were shown in Table 4.
3.7. Thermogravimetric analysis (TGA)
Thermal analysis plays an important role in the study of the
structure and stability of dyes. In order to investigate their
thermal stability and change in weight as a function of temper-
ature, thermal decomposition is carried out under inert atmo-
sphere with carefully puriﬁed reactive dye samples in the form
of ﬁnely divided powder. Thermogravimetric curves obtained
at a heating rate of 10 C/min in nitrogen (30 mL/min) atmo-
sphere. Thermogravimetric analysis data of selected dyes 7a, 7e
and 7j are shown in Fig. 8 and percentage weight loss of all the
dyes at various temperatures are given in Table 5.Most of the reactive dyes degrade in a single step. All syn-
thesized compounds start their degradation at around 150 C
and weight loss of about 1.01–3.07% was observed. The rate
of degradation of all the samples increase rapidly between
750–900 C and the weight loss of about 30.55–36.07% was
observed.
Thermal stability order of the reactive dyes (7a–j) on the ba-
sis of initial decomposition temperature 150 C is as follow:
7a > 7j > 7f > 7e > 7i > 7c > 7h > 7b > 7g > 7d4. Conclusion
A series of ten new reactive dyes 7a–j were synthesized easily
by the conventional method in good yield and were applied
on silk, wool and cotton ﬁbres gives yellow to purple hues.
The dyed ﬁbres exhibited moderate to very good light fastness
and good to excellent washing and rubbing fastness properties.
The dyes 7b-7f, 7h and 7i showed good activity against selected
bacteria and dyes 7a and 7b showed good activity against se-
lected fungi and also showed good thermal stability. Dye 7a
possesses the highest value of kmax, the highest value of K/S
for silk and cotton ﬁbre and gave the highest thermal stability
at 150 C, this showed that dyes having OH and NH groups at
the vicinal position give very good colouring properties.Acknowledgements
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